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Absolutely	
  Unexpected!	


Analysis	
  by	
  	
  
Minjung	
  Kim	
  (SNU/RIKEN)	


#	
  of	
  proton	
 #	
  of	
  neutron	


p	
 1	
 0	

Al	
 13	
 14	

Au	
 79	
 118	


Present	
  Frame	
  Work	


Major	
  systemaBc	
  error	
  
comes	
  from	
  poor	
  posiBon	
  
resoluBon	
  of	
  SMD.	
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Can	
  we	
  idenBfy	
  UPC	
  events?	
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UPC	
  MC	
  :	
  SOPHIA	
  
G.	
  Mitsuka,	
  Eur.	
  Phys.	
  J.C.	
  (2015)	
  75:614	


BBC	
 tag	
 veto　	


UPC	
 Small	
 Large	


Semi-­‐Inclusive	
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AN ~ had *had + had *EM +EM *had +EM *EM

BBC	
  Tagging	
  and	
  Vetoing	
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BBC	
  Tagging	
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AN ~ had *had + had *EM +EM *had +EM *EM
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BBC	
  Vetoing	


A (atomic mass number)
0 50 100 150 200

N
A

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

p+p p+Al p+Au

 n+X→+A ↑p

22% scale uncertainty not shown

= 200 GeVs
>0.5Fx

<2.2 mradθ0.3<

ZDC inclusive
ZDC & BBC p-dir & BBC A-dir

ZDC & veto BBC p-dir & veto BBC A-dir

�� ����
����������	

BBC � ZDC �n
A

p
BBC �ZDC �

BBC � ZDC �n
A

p
BBC �ZDC �

EM	
  enhanced	


16/06/16	
 BNL	
  NPP	
  PAC	
  MeeBng	


p	


A	


π+	


p e

e

p e

e

↑	


γ*	


n	


DiffracBve	




QuesBon	
  arose	
  from	
  Run15	
  	

1.  Is	
  the	
  evoluBon	
  of	
  A(Z)-­‐dependence	
  linear	
  !?	
  
	
  
	
  
2.  DiffracBveness	
  plays	
  key	
  role!?	
  	
  
	
  
	
  
3.  What	
  is	
  the	
  role	
  of	
  hadronic	
  and	
  EM	
  amplitudes!?	
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Proposal	
  for	
  Run17	
  	

1.  Is	
  the	
  evoluBon	
  of	
  A(Z)-­‐dependence	
  linear	
  !?	
  
Explore	
  A(Z)-­‐dependence	
  (p+Al,	
  p+Sn,	
  p+Au)	
  using	
  
the	
  Fixed	
  Targets	
  at	
  STAR	
  
2.  DiffracBveness	
  plays	
  key	
  role!?	
  	
  
Larger	
  acceptance	
  coverage	
  for	
  Semi-­‐Inclusive	
  using	
  
STAR	
  detector	
  
3.  What	
  is	
  the	
  role	
  of	
  hadronic	
  and	
  EM	
  amplitudes!?	
  
Larger	
  	
  PT	
  coverage	
  with	
  beher	
  resoluBon	
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Experimental	
  CondiBon	


•  Targets	
  to	
  be	
  installed	
  before	
  Run17	
  
•  Same	
  β*=10m	
  &	
  radial	
  pol	
  tune	
  with	
  RHICf	
  
•  Only	
  blue	
  beam.	
  
•  Luminosity	
  is	
  not	
  an	
  issue	
  (limited	
  by	
  DAQ	
  
bandwidth	
  ~	
  1kHz).	
  	
  

•  Can	
  be	
  done	
  at	
  the	
  end	
  of	
  RHICf	
  store	
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1.	
  Three	
  Fixed	
  Targets	
  for	
  A-­‐dependence	
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1.	
  A(Z)-­‐Dependent	
  Analyzing	
  Power	

Beam	
  Energy	
  [GeV]	
 Collision	
  √s	
  [GeV]	
 	
  Fixed	
  Target	
  √s	
  [GeV]	


100	
 200	
 14	

250	
 500	
 22	
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moderately as growing A, while p+Au data point shows factor of 3 larger than that of p+p in
absolute amplitude.

A (atomic mass number)
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Figure 2. (Observed forward neutron AN in transversely polarized proton-nucleus collisions.
Data points are A=1, A=27, and A=197 are results of p+p, p+Al, and p+Au, respectively.
Red, Blue and Green data points are neutron inclusive, neutron + BBC veto, and BBC tagged
events, respectively

More interestingly, another drastic dependence of AN was observed in semi-inclusive
measurements. In this measurements, another out-going charged particle was either tagged
or vetoed within the acceptance of the beam-beam counter (BBC) in both North and South
arms which covers 3.1 < |η| < 3.9. The BBCs cover such a limited acceptance, but the resulting
asymmetries behaved remarkably contradicts. Once BBC hits (BBC tagging) are required in
both arms (green data points), the drastic behavior of inclusive AN is vanished and no flipping
sign was observed between p+p and p+Au. On the contrary, the asymmetries are pushed even
more positive for p+Al and p+Au data points once no hits in BBC are required (BBC vetoed)
as represented by blue data points.

3. Ultra-Peripheral Collision Effects
It was pointed out the importance of the electro-magnetic (EM) interaction effect in the existing
fixed target experiments [4] and [5], which were carried out in small t, one may need to consider
the effect here, although it was ignored in p+p data. Due to the smallness of the four momentum
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2.	
  Acceptance	
  for	
  Semi-­‐Inclusive	
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3.	
  Extended	
  PT	
  Coverage	
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RHICf experiment @ STAR
• RHICf detector will be installed in 

front of the ZDC+SMD of the STAR 
experiment 

• Wide pT region will be covered by 
changing the position of the RHICf
detector vertically 
• up to 1.4 GeV/c

• RHICf detector has much higher 
position resolution than ZDC+SMD 
so that enable us higher 
resolution pT measurement 
• Position resolution a1cm o a1mm 

• Kinematic region (xF, pT) of RHICf
at �s = 510 GeV is similar to that 
of LHCf at �s = 7 TeV

April 26, 2016 34
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RHICf experiment @ STAR
• RHICf detector will be installed in 

front of the ZDC+SMD of the STAR 
experiment 

• Wide pT region will be covered by 
changing the position of the RHICf
detector vertically 
• up to 1.4 GeV/c

• RHICf detector has much higher 
position resolution than ZDC+SMD 
so that enable us higher 
resolution pT measurement 
• Position resolution a1cm o a1mm 

• Kinematic region (xF, pT) of RHICf
at �s = 510 GeV is similar to that 
of LHCf at �s = 7 TeV

April 26, 2016 34

vertically movable

ZDC

IP

0.4	
  GeV/c	


16/06/16	
 BNL	
  NPP	
  PAC	
  MeeBng	
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Without	
  Radial	
  PolarizaBon	




Run	
  Plan	

1.  Physics	
  Data	
  (9h)	
  

1	
  hour	
  ×	
  3	
  Targets	
  ×	
  3	
  RHICf	
  posiBons	
  =	
  1	
  hour	
  ×	
  9	
  
physics	
  runs	
  	
  

2.  Empty	
  Target	
  (3h)	
  
1.  1	
  hour	
  ×	
  3	
  RHICf	
  posiBons	
  =	
  3h	
  

3.  Beam	
  posiBon	
  tuning	
  (2h)	
  
	
  0.5	
  hour	
  ×	
  4	
  posiBons	
  =	
  2	
  hours	
  

4.  RHICf	
  posiBon	
  change	
  (1.5h)	
  
	
  0.5	
  hour	
  ×	
  3	
  posiBons	
  =	
  1.5h	
  

5.  ConBngency	
  (8.5h)	
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(9h	
  +	
  3h)	
  +	
  2h	
  +	
  1.5h	
  +	
  8.5h	
  ~	
  24	
  hours	
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1h	
  ~	
  3.6M	
  events	
  :	
  ΔAN~	
  0.0026	




Summary	

•  Proposal	
  to	
  explore	
  forward	
  neutron	
  asymmetry	
  
in	
  pA	
  to	
  address	
  mysteries	
  arose	
  from	
  Run15.	
  

•  3	
  Fixed	
  Targets	
  at	
  STAR	
  
•  RequesBng	
  24	
  hours	
  (12hours	
  data	
  taking)	
  	
  
•  Same	
  beam	
  tune	
  as	
  RHICf	
  (β*,	
  radial)	
  no	
  special	
  
tune.	
  Only	
  blue	
  beam	
  and	
  can	
  be	
  done	
  at	
  the	
  
end	
  of	
  RHICf	
  store.	
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p↑+p	
  Forward	
  Neutron	
  AN	


Single transverse spin asymmetry of forward neutrons

B. Z. Kopeliovich, I. K. Potashnikova, and Iván Schmidt
Departamento de Fı́sica, Universidad Técnica Federico Santa Marı́a; and Instituto de estudios avanzados en ciencias en ingeniera;

and Centro Cientı́fico-Tecnológico de Valparaı́so; Casilla 110-V, Valparaı́so, Chile

J. Soffer
Department of Physics, Temple University, Philadelphia, Pennsylvania 19122-6082, USA

(Received 13 September 2011; published 14 December 2011)

We calculate the single transverse spin asymmetry ANðtÞ, for inclusive neutron production in pp
collisions at forward rapidities relative to the polarized proton in the energy range of RHIC. Absorptive

corrections to the pion pole generate a relative phase between the spin-flip and nonflip amplitudes, leading

to a transverse spin asymmetry which is found to be far too small to explain the magnitude of AN observed

in the PHENIX experiment. A larger contribution, which does not vanish at high energies, comes from the

interference of pion and a1-Reggeon exchanges. The unnatural parity of a1 guarantees a substantial phase
shift, although the magnitude is strongly suppressed by the smallness of diffractive !p ! a1p cross

section. We replace the Regge a1 pole by the Regge cut corresponding to the !" exchange in the 1þS
state. The production of such a state, which we treat as an effective pole a, forms a narrow peak in the 3!
invariant mass distribution in diffractive !p interactions. The cross section is large, so one can assume

that this state saturates the spectral function of the axial current and we can determine its coupling to

nucleons via the partially conserved axial-vector-current constraint Goldberger-Treiman relation and the

second Weinberg sum rule. The numerical results of the parameter-free calculation of AN are in excellent

agreement with the PHENIX data.

DOI: 10.1103/PhysRevD.84.114012 PACS numbers: 13.85.Ni, 11.80.Cr, 11.80.Gw, 13.88.+e

I. INTRODUCTION

The single transverse spin asymmetry of neutrons was
measured recently by the PHENIX experiment at RHIC [1]
in pp collisions at energies

ffiffiffi
s

p ¼ 62, 200 and 500 GeV.
The measurements were performed with a transversely
polarized proton beam and the neutron was detected at
very forward and backward rapidities relative to the polar-
ized beam. Preliminary results are depicted in Fig. 1. An
appreciable single transverse spin asymmetry was found in
events with large fractional neutron momenta z. The data
agree with a linear dependence on the neutron transverse
momentum qT , and different energy match well, what
indicates at an energy independent ANðqTÞ.

Usually polarization data are more sensitive to the
mechanisms of reactions than the cross section. Below
we demonstrate that the large magnitude of the single
transverse spin asymmetry of forward neutrons discovered
in [1], reveals a new important mechanism of neutron
production ignored in all previous studies of the reaction
cross section.

At the same time, neutrons produced with xF < 0 show a
small asymmetry, consistent with zero. This fact is ex-
plained by the so called Abarbanel-Gross theorem [2]
which predicts zero transverse spin asymmetry for
particles produced in the fragmentation region of an un-
polarized beam. This statement was proven within the
Regge pole model illustrated in Fig. 2. The amplitude
of the reaction p " þp ! X þ n squared, Fig. 2(a), is
related by the optical theorem with the triple-Regge graph

in Fig. 2(b). According to Regge factorization the proton

spin can correlates only with the vector product, [ ~k% ~k0],
of the proton momenta in the two conjugated amplitudes,
as is shown in Fig. 2(b). According to the optical theorem

these momenta are equal, ~k ¼ ~k0, so no transverse spin
correlation is possible. Regge cuts shown in Fig. 2(c)
breakdown this statement, but the magnitude of the gained

-0.2

-0.15

-0.1

-0.05

0

0.05

0 0.1 0.2 0.3 0.4

qT (GeV)
A

N

√s
−
=62 GeV

√s
−
=200 GeV

√s
−
=500 GeV

Theory

FIG. 1 (color online). Single transverse spin asymmetry AN in
the reaction pp ! nX, measured at

ffiffiffi
s

p ¼ 62, 200, 500 GeV [1]
(preliminary data). The asterisks show the result of our calcu-
lation, Eq. (40), which was done point by point, since each
experimental point has a specific value of z (see Table I).
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Data	
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  the	
  interference	
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   π and	
  a1	
  Reggeon	
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Run	
  14	
  Test	
  Run	


.;;

Why a Fixed Target Program?
¾ Results from NA-49 have been used to claim 

onset of deconfinement at 𝑠𝑁𝑁 =7.7 GeV
¾ To test this claim STAR needs to access 

energies below 7.7 GeV where we expect no 
QGP formation

¾ At these lower energies the luminosity of RHIC
is too low, making it impractical to take data in 
collider mode

Proof of Principle: Au + Al Beam Pipe Studies

Acknowledgements

Conclusions
¾ Successful fixed target test runs have been 

taken at different center of mass energies 
with both gold and aluminum beams.

¾ These test runs demonstrate that the STAR 
detector works well in this novel setup

¾ Preliminary ratio results are consistent with 
previous experiments

¾ The detector upgrades will allow us to 
extend the BES energies down to  3.0 GeV 
without sacrificing luminosity
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4.9 GeV Al + Au Test Run Performance 2015

Gold Target Installation

3.9 GeV Au + Au Test Run 2014

4.5 GeV Au + Au Test Run Performance 2015

Coulomb Analysis

Detector Upgrades

Event display of an actual Au + Au fixed target event with 𝑠𝑁𝑁 = 3.9 GeV 

Vertex Distribution of Au + Al Beampipe Events

Pion Spectra for the Au + Al Data 
at 𝒔𝑵𝑵 = 3.0, 3.5 and 4.5 GeV 

Pion Spectra for the Au + Al Data 
at 𝒔𝑵𝑵 = 3.0, 3.5 and 4.5 GeV 

Au + Au 3.9 GeV vertex distribution QA plot illuminating target Insertion of thin gold target and support 
structure inside the beam pipe

QA Plot illuminating target and beam pipe flanges. In run 14 
the beam pipe narrows between z~ 170 cm – 300 cm.

Fluctuation Analysis

Above, in descending order, are the “kink”, “horn”, and “step” 
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Reference: PR C77 024903 (08) 

Run 14 details:
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held 2 cm below of 
the beam axis. 

The foil is 1 mm 
thick (4%).

Not the defining 
(most narrow) 
aperture.

A technician installing the fixed target.

The Coulomb potential can be extracted from a fit to the ratio of pion yields.
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Event display for Al + Au fixed target collisions
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Why a Fixed Target Program?
¾ Results from NA-49 have been used to claim 

onset of deconfinement at 𝑠𝑁𝑁 =7.7 GeV
¾ To test this claim STAR needs to access 

energies below 7.7 GeV where we expect no 
QGP formation

¾ At these lower energies the luminosity of RHIC
is too low, making it impractical to take data in 
collider mode

Proof of Principle: Au + Al Beam Pipe Studies
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Conclusions
¾ Successful fixed target test runs have been 

taken at different center of mass energies 
with both gold and aluminum beams.

¾ These test runs demonstrate that the STAR 
detector works well in this novel setup

¾ Preliminary ratio results are consistent with 
previous experiments

¾ The detector upgrades will allow us to 
extend the BES energies down to  3.0 GeV 
without sacrificing luminosity
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Chapter 5

AN Calculation

Analysis codes including TAXI submission is in the following directory.
https://www.phenix.bnl.gov/viewvc/viewvc.cgi/phenix/o✏ine/AnalysisTrain-

/ZeroDegreeAna/

5.1 Raw Asymmetry ✏N

Fill by fill ✏N fittings are shown in section A.2. Figure 5.1 to 5.5 show ✏N
P of

p+ p, p+Al, and p+ Au with BBC correlations. Using equation 1.4, we fixed
�
0

= 0, and left ✏N as a free parameter. See discussions about fixing/not fixing
�
0

for ✏N (�) fittings in section 6.6. For p + p, ✏N
P histograms are made for all

fills, and weighted average of those histogrmas are used.
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Figure 5.1: ✏N
P of p + p, p + Al, and p + Au, from left. BBC correlation: ZDC

inclusive.
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Approximately	
  accumulated	
  >10M	
  ZDC	
  triggers	
  @	
  DAQ	
  rate	
  4	
  to	
  5	
  kHz.	
  	
  
Survival	
  fracBon	
  arer	
  QA	
  cuts	
  is	
  about	
  20	
  ~	
  30%.	
  
Absolute	
  error	
  is	
  very	
  small	
  :	
  0.0014	
  –	
  0.0019	
  	
  	


p+p	
 p+Al	
 p+Au	


AN	
  ±	
  ΔAN	
 -­‐0.0500±0.0014	
 -­‐0.0143±0.0019	
 0.1822±0.0019	


ΔAN/AN	
  (relaBve)	
 3%	
 15%	
 1%	
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DAQ	
  Bme	
  esBmate	
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Time	
  [hours]	
 Total	
  Events	
 ΔAN	


1	
 3.6	
  M	
 0.0026	


2	
 7.2	
  M	
 0.0018	


3	
 10.8	
  M	
 0.0015	


DAQ	
  rates	
  ~	
  1kHz	


•  1Hour	
  data	
  taking	
  achieves	
  ΔAN	
  ~	
  0.0026	
  which	
  is	
  factor	
  of	
  4	
  
smaller	
  than	
  the	
  goal	
  ΔAN	
  ~	
  0.01.	
  This	
  leaves	
  factor	
  of	
  16	
  
conBngency	
  in	
  staBsBcs.	
  

•  The	
  conBngency	
  will	
  be	
  consumed	
  by:	
  
1.  Increased	
  background	
  (including	
  EM)	
  fracBon	
  in	
  the	
  trigger	
  

compared	
  to	
  collider	
  mode.	
  
2.  AcBve	
  volume	
  cut.	
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(detecBon	
  efficiency	
  is	
  included	
  in	
  1kHz)	
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The	
  distance	
  between	
  target	
  and	
  beam	
  will	
  
be	
  tuned	
  to	
  achieve	
  1kHz	
  in	
  the	
  largest	
  PT	
  
RHICf	
  posiBon.	
  This	
  way,	
  all	
  3	
  RHICf	
  
posiBon	
  will	
  have	
  same	
  staBsBcal	
  precision.	
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